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(54) ADHESION METHOD, TONER SET AND ADHESION APPARATUS

(57) An adhesion method includes forming, on
sheets, a pattern resulting from superimposing a layer
of a first toner and a layer of a second toner, in this order,
and heating the pattern in a state where the sheets
overlap each other such that the layers of the second
toner are in contact with each other, to thereby bond the
sheets, wherein calorific value H1 (J/g) of the first toner
and a calorific value H2 (J/g) of the second toner, in a
range from35°C to 75°C, of an exothermic peak in aDSC

curve of differential scanning calorimetry of the toner,
obtained through cooling after warming up to 180°C,
satisfy Expressions (1) and (2) below.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present disclosure relates to an adhesion method, a toner set and an adhesion apparatus that are used to
produce adhered printed matters by using an electrophotographic method and the like.

Description of the Related Art

[0002] Conventional techniques have been disclosed in which a pattern of a powder adhesive (hereinafter simply
referred to as "toner") is formed on a sheet which is an adherent, by using an image forming apparatus such as a printer or
copier, followed by an adhesion process relying on stacking of such sheets, to process the sheets into a paper bag. In
addition, a technique has been disclosed in which a sheet bundle which is a stack of a plurality of sheets is subjected to an
adhesion process, to thereby obtain a booklet, in a booklet production apparatus that is a post-processing apparatus. In a
case where such a booklet production apparatus is equipped in an image forming apparatus in which color images are
formed using toner of multiple colors, the toner that is used to form a toner layer for an adhesion is ordinarily specified,
beforehand, to one given color.
[0003] However,when forminga toner layer for adhesionusingonly tonerof onecolor, theamount of adhesion toner that
is consumed is accordingly larger than those of toners of other colors. Therefore, for instance JapanesePatent Laid-Open
No. 2004‑209858 proposes a configuration in which a toner layer for adhesion is formed using a plurality of toners in an
image forming apparatus for forming color images, for the purposeof precluding increases in the consumptionamount of a
specific toner.

SUMMARY OF THE INVENTION

[0004] However, as the result of diligent study, the inventors have found that in a casewhere a toner layer for adhesion is
formed using a plurality of toners in the production of a booklet as described above, in some instances the adhesion
strength of the produced booklet may be insufficient depending on the physical properties of the toners and the laying
sequence of the toner layers. In addition, a phenomenon (hot offset) may occur in which an image portion melts such that
part thereof migrates onto a fixing unit, depending on the laying sequence of the toner layers that affords sufficient
adhesion strength of the booklet. Therefore, there is a problem that it is difficult to achieve both high adhesion strength and
hot offset resistance.
[0005] The present disclosure is directed to provide an adhesion method, a toner set, and an adhesion apparatus that
afford both excellent adhesion strength and hot offset resistance, even when an image pattern for adhesion is formed
relying on a plurality of toner layers.
[0006] The present invention in its first aspect provides an adhesion method as specified in claims 1 to 6.
[0007] The present invention in its another aspect provides a toner set as specified in claims 7 to 10.
[0008] The present invention in its another aspect provides an adhesion apparatus as specified in claim 11.
[0009] The present invention in its another aspect provides a method for producing an adhered product as specified in
claim 12.
[0010] The present invention in its another aspect provides an adhesion method as specified in claim 13.
[0011] According to the present disclosure, it is capable to provide an adhesion method, a toner set, and an adhesion
apparatus that afford both excellent adhesion strengthandhot offset resistance, evenwhenan imagepattern for adhesion
is formed relying on a plurality of toner layers.
[0012] Further features of the present invention will become apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013]

FIG. 1 is a schematic diagram of an adhesion apparatus (image forming apparatus);
FIGS. 2A, to 2D are diagrams for explaining a sheet alignment method;
FIGS. 3A to 3C are diagrams for explaining a thermocompression adhesion unit;
FIGS. 4A and 4B are schematic diagrams illustrating an example of an image pattern for adhesion;
FIGS. 5A and 5B are diagram for explaining a method for evaluating adhesion strength of booklet; and

2

EP 4 495 694 A1

5

10

15

20

25

30

35

40

45

50

55



FIG. 6 is a diagram for explaining an image pattern for adhesion.

DESCRIPTION OF THE EMBODIMENTS

[0014] The present disclosure is described in detail below, but the present disclosure is not limited to the following
explanation. In the present disclosure, the expression of "fromXX toYY"or "XX toYY" indicating a numerical rangemeans
a numerical range including a lower limit and an upper limit which are end points, unless otherwise specified. Also, when a
numerical range is described in a stepwise manner, the upper and lower limits of each numerical range can be arbitrarily
combined.
[0015] The adhesion method of the present disclosure is an adhesion method comprising:

a step of forming a first unfixed toner layer using a first toner, on a first surface of a sheet;
a step of forming a second unfixed toner layer using a second toner, on the first unfixed toner layer;
a step of forming an image pattern for adhesion on the sheet, by performing heating from a surface of the second
unfixed toner layer to fix the first unfixed toner layer and the second unfixed toner layer to the sheet; and
a step of adhering the sheets to obtain an adhered product, by performing heating in a stacked configuration of the
image pattern for adhesion formed on a same sheet or a different sheet, wherein
the image pattern for adhesion has, on a surface thereof, a fixed toner image derived from the second unfixed toner
layer, and
whenH1 (J/g) denotes a calorific value of the first toner and H2 (J/g) denotes a calorific value of the second toner, the
H1 and the H2 satisfy Expressions (1) and (2) below:

where theH1and theH2eachare a calorific value in a range from35°C to 75°Cof an exothermic peak in aDSCcurve
obtained in a cooling step (ii) below, upon execution of:

(i) a temperature raising step of raising a temperature from 20°C to 180°C at a rate of 10°C/min, and
(ii) a cooling step of holding at 180°C for 10 minutes, followed by cooling from 180°C down to 20°C at a rate of
10°C/min.

[0016] The inventors found that the above structure allows combining sufficient adhesion strength and hot offset
resistance. The inventors surmise the following as regards the underlying reasons for this.
[0017] A calorific value in the range from 35°C to 75°C in differential scanning calorimetry (DSC) of the toner
corresponds to the amount of crystalline components such as wax and a crystalline polyester resin that precipitate on
the surface of the toner during a fixing process. Therefore, the calorific value H2 (J/g) is considered to correspond to the
amount of crystalline components precipitated on the surface of the second toner in the fixing process. An instancewill be
described inwhich the toner comprisesawaxasacrystalline component. The larger the valueH2, thehot offset resistance
is improvedmore, through the release action of the wax that precipitates on the surface of a second toner layer. Hot offset
resistance can be enhanced by setting H2 to be 6.0 J/g or more. In a case where H2 is less than 6.0 J/g, the hot offset
resistance is insufficient due to the deficiency of wax precipitation.
[0018] On the other hand, the smaller the value of H2, the adhesion strength is greater in an adhesion process in which
an image pattern for adhesion having on the surface a fixed toner image by a second toner, after a fixing process. This is
because adhesion inhibition by the wax that precipitates on the surface of the image pattern for adhesion can be
suppressed. Sufficient adhesion strength can be obtained by settingH2 to be 24.0 J/g or less. In a casewhereH2exceeds
24.0J/g, theadhesion inhibitingeffect of thewax ismorepronounced,whichmakes it difficult toachievesufficientadhesion
strength.
[0019] However, studies by the inventors have revealed the difficulty of achieving both hot offset resistance and
adhesion strength just by controlling H2 as described above. The inventors have found that both hot offset resistance and
adhesion strength can be achieved by prescribing that a calorific value H1 (J/g) of the first toner by differential scanning
calorimetry (DSC) is to be smaller than H2, i.e. by prescribing that Expression (2) above be satisfied.
[0020] Normally, in an unmelted toner, wax is present in unevenly distributed state in the interior of the toner particle, on
account of difference in the values of crystallinity of the wax and of the binder resin comprised in the toner particle. The
toner becomes sufficiently melted in a fixing process (process for forming an image pattern for adhesion) and in an
adhesionprocess (processof obtaininganadheredproduct). Asa result, themeltedwaxcanmove freelywithin themelted
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binder resin. At the time of fixing, the waxwhich can nowmove freely in the binder resin exudes onto the surface of a fixed
image (image pattern for adhesion), and as a result, separation between the fixed image and a fixing unit is achieved..
[0021] On the other hand, in the adhesion process performed after the fixing process, heating is performed in a state
where the surfaces of image patterns for adhesion are superimposed on each other. Given that the image pattern for
adhesion to be superimposed have a high wax concentration on the surface, and there is hence a significant local rise in
wax concentration at the superposition portion. It is deemed that thewax havingmelted at that time diffuses away from the
superposition portion (adhered portion) towards the sheet side, so that the concentration gradient becomes smaller.
[0022] Therefore, it is considered that in a casewhereH1 is smaller thanH2 thewax that was unevenly distributed at the
surface of the image pattern for adhesion moves towards the sheet side, in the adhesion process. Due to this action, the
biased presence of the wax towards the adhesion surface (the portion wherein the image patterns for adhesion are
superimposed on each other) is mitigated, which translates into enhanced adhesion strength. Both hot offset resistance
and adhesion strength can be achieved as a result.
[0023] The inventors surmise the following concerning the underlying reasons for why the behavior of the wax differs
between the fixing process and the adhesion process. In the fixing process the wax is heated from the surface of the
second unfixed toner layer, and only for a short period of several milliseconds while passing through the fixing unit, such
that the wax, having been thus rendered movable through melting, moves readily towards the heat source i.e. onto the
surface of the image pattern for adhesion. On the other hand, in the adhesion process, the image pattern for adhesion is
heated via the sheet, and accordingly the heat source lies on the sheet side. As will be described further on, the heating
time in theadhesionprocess is about 2 seconds,which is longer than the fixingprocess, as is the timeduringwhich thewax
remains in amolten state. It is deemed that in consequence the wax that was unevenly distributed nearer to the adhesion
surface moves towards the sheet side so that the above bias is mitigated.
[0024] ThedifferencebetweenH2andH1 (H2-H1) is preferably 1.5 J/g ormore.Preferably,H2-H1 is 1.5 to 23.5 J/g, and
more preferably 5.0 to 20.0 J/g.WhenH2-H1 is 1.5 J/g ormore, the action whereby the waxmigrates towards the sheet is
brought out more readily; as a result, adhesion strength is further enhanced, and hot offset resistance and adhesion
strength can both be achieved to a greater degree.
[0025] Preferably, H1 is 2.0 to 18.0 J/g, more preferably 4.0 to 15.0 J/g. By prescribing H1 to be 2.0 J/g or more, the
release action of the wax is brought out satisfactorily, and hot offset resistance when using the first toner alone for printing
can be further enhanced. By setting H1 to be 18.0 J/g or less, wax precipitation is further suppressed, the fixing
performance of the first toner and the sheet are further improved, and adhesion strength can be further enhanced.
[0026] From the viewpoint of achieving both hot offset resistance and adhesion strength to a higher degree, preferably
H2 is 10.0 to 24.0 J/g, more preferably 10.0 to 21.0 J/g.
[0027] Herein H1 and H2 can be controlled by modifying for instance the amount and type of crystalline components
such as thewax; for instance, the calorific value canbe increased by increasing the amount of wax, and canbe reduced by
reducing the amount of wax.
[0028] Preferably, the first toner is a black toner comprising a carbon black. For instance, the first toner preferably
comprises a toner particle, and the second toner preferably comprises a toner particle. Preferably, the toner particle in the
first toner comprises carbon black. Carbon black exhibits high oil absorption, and hence in a casewhere the first toner is a
black toner comprising carbon black, the wax of the second toner is absorbed readily by the carbon black of the first toner,
uponmelting of the second toner and the first toner in the adhesion process.Accordingly, the amount ofwaxon the surface
of the second toner layer that constitutes the adhesion surface is further reduced, and adhesion strength is further
enhanced.
[0029] It is preferable thatwhen thefirst tonerand thesecond toner compriseahydrocarbonwax, such that a contentW1
(partsbymass)of hydrocarbonwaxper100partsbymassofabinder resinorpolymerizablemonomer in thefirst toner, and
a contentW2 (parts bymass) of hydrocarbonwaxper 100 parts bymassof a binder resin or polymerizablemonomer in the
second toner, satisfyExpressions (3) and (4) below.Bysatisfyingabove, better compatibility betweenhot offset resistance
and adhesion strength can be achieved.

[0030] Thegreater the value ofW2, themore pronounced is the releaseaction of the hydrocarbonwax,which translates
into greater hot offset resistance. Hot offset resistance can be enhanced by setting W2 to be 5.8 parts by mass or more.
[0031] ThedifferencebetweenW2andW1 (W2-W1) is preferably 0.5parts bymassormore.Morepreferably,W2-W1 is
0.5 to 9.7 parts bymass, and yetmore preferably 2.1 to 8.1 parts bymass.WhenW2-W1 is 0.5 parts bymass ormore, the
actionwhereby the hydrocarbonwaxmigrates towards the sheet is brought out yetmore readily and accordingly adhesion
strength is further enhanced, and hot offset resistance and adhesion strength can both be achieved to a greater degree.
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[0032] Preferably,W1 is 4.0 to 10.7partsbymass,morepreferably 5.0 to9.4parts bymass.BysettingW1 to4.0partsby
mass or more, the release action of the hydrocarbon wax is brought out satisfactorily and the hot offset resistance when
using the first toner alone for printing can be further enhanced. By setting W1 to 10.7 parts by mass or less, wax
precipitation is further suppressed, the fixing performance of the first toner and the sheet are further improved, and
adhesion strength can be further enhanced.
[0033] From the viewpoint of achieving both hot offset resistance and adhesion strength to a higher degree, W2 is
preferably 7.1 to 13.1 parts by mass, more preferably 7.1 to 11.2 parts by mass.
[0034] Preferred embodiments pertaining to the tonerwill be explained below, but the present disclosure is not limited to
the following preferred embodiments. Preferably, the first toner and the second toner comprise a toner particle and an
external additive.
[0035] The toner particlemay comprise a binder resin. The binder resin is not particularly limited, and any known binder
resin canbeusedherein. For instancehomopolymersof aromatic vinyl compoundsandsubstitutedproducts thereof, such
as polystyrene and polyvinyltoluene; copolymers of aromatic vinyl compounds such as styrene-propylene copolymers,
styrene-vinyltoluene copolymers, styrene-vinylnaphthalene copolymers, styrene-methyl acrylate copolymers, styrene-
ethyl acrylate copolymers, styrene-butyl acrylate copolymers, styrene-octyl acrylate copolymers, styrene-dimethylami-
noethyl acrylate copolymers, styrene-methyl methacrylate copolymers, styrene-ethyl methacrylate copolymers, styrene-
butyl methacrylate copolymers, styrene-dimethylaminoethyl methacrylate copolymers, styrene-vinyl methyl ether copo-
lymers, styrene-vinylethyl ether copolymers, styrene-vinyl methyl ketone copolymers, styrene-butadiene copolymers,
styrene-isoprene copolymers, styrene-maleic acid copolymers and styrene-maleate ester copolymers; homopolymers of
aliphatic vinyl compounds and substituted products thereof such as polyethylene and polypropylene; vinyl resins such as
polyvinyl acetate, polyvinyl propionate, polyvinyl benzoate, polyvinyl butyrate, polyvinyl benzoate, polyvinyl formate and
polyvinyl butyral; vinyl ether resins; vinyl ketone resins; acrylic polymers; methacrylic polymers; silicone resins; polyester
resins; polyamide resins; epoxy resins; phenolic resins; as well as rosin, modified rosin and terpene resins. The foregoing
can be used singly or in combinations of two or more types.
[0036] Preferably, the binder resin comprises a copolymer of an aromatic vinyl compound. Among the foregoing, the
binder resin more preferably comprises a styrene acrylic resin such as a styrene-methyl acrylate copolymer, a styrene-
ethyl acrylate copolymer, a styrene-butyl acrylate copolymer, a styrene-octyl acrylate copolymer, a styrene-dimethyla-
minoethyl acrylate copolymer, a styrene-methyl methacrylate copolymer, a styrene-ethyl methacrylate copolymer, a
styrene-butylmethacrylate copolymer or a styrene-dimethylaminoethylmethacrylate copolymer, and still more preferably
includes a Styrene-butyl acrylate copolymer.
[0037] Examples of polymerizable monomer that form copolymers of aromatic vinyl compounds include the following.
[0038] Styrene and derivatives thereof such as styrene, α-methylstyrene, β-methylstyrene, o-methylstyrene, m-
methylstyrene, p-methylstyrene, 2,4-dimethylstyrene, p-n-butylstyrene, p-tert-butylstyrene, p-n-hexylstyrene, p-n-octyl-
styrene, p-n-nonylstyrene, p-n-decylstyrene, p-n-dodecylstyrene, p-methoxystyrene, and p-phenylstyrene.
[0039] Examples of polymerizable monomers that form acrylic polymers include acrylic acid, methyl acrylate, ethyl
acrylate, n-propyl acrylate, iso-propyl acrylate, n-butyl acrylate, iso-butyl acrylate, tert-butyl acrylate, n-amyl acrylate, n-
hexyl acrylate, 2-ethylhexyl acrylate, n-octyl acrylate, n-nonyl acrylate, cyclohexyl acrylate, benzyl acrylate, dimethyl
phosphate ethyl acrylate, diethyl phosphate ethyl acrylate, dibutyl phosphate ethyl acrylate and 2-benzoyl oxyethyl
acrylate.
[0040] Examples of polymerizable monomers that form methacrylic polymers include methacrylic acid, methyl metha-
crylate, ethyl methacrylate, n-propyl methacrylate, iso-propyl methacrylate, n-butyl methacrylate, iso-butyl methacrylate,
tert-butyl methacrylate, n-amyl methacrylate, n-hexyl methacrylate, 2-ethylhexyl methacrylate, n-octyl methacrylate, n-
nonyl methacrylate, diethyl phosphate ethyl methacrylate and dibutyl phosphate ethyl methacrylate, i.e., methacrylic
polymerizable monomers.
[0041] Condensationpolymersof the carboxylic acid components and thealcohol components listedbelowcanbeused
as a polyester resin. Examples of the carboxylic acid component include terephthalic acid, isophthalic acid, phthalic acid,
fumaric acid, maleic acid, cyclohexanedicarboxylic acid and trimellitic acid. Examples of the alcohol component include
bisphenol A, hydrogenated bisphenol, ethylene oxide adducts of bisphenol A, propylene oxide adducts of bisphenol A,
glycerin, trimethylolpropane and pentaerythritol.
[0042] Thepolyester resinmaybeapolyester resin comprisingureagroups.Carboxygroups in thepolyester resin, such
as those at the termini are preferably not capped (substituted by other substituents). For instance, the binder resin may
comprise apolyester resin in addition to a copolymer of anaromatic vinyl compound. The content ratio of thearomatic vinyl
compound copolymer in the binder resin is preferably 50 to 100 mass%, more preferably from 80 to 99 mass%, and yet
more preferably 90 to 98 mass%.
[0043] The method for producing the polymer is not particularly limited, and any known method can be resorted to.
[0044] Waxes will be explained next. Preferably, the first toner and the second toner comprise a wax. The wax is not
particularly limited, and examples thereof include the following.
[0045] Hydrocarbon waxes and derivatives thereof, such as low molecular weight polyethylene, low molecular weight
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polypropylene, microcrystalline wax, Fischer-Tropsch wax and paraffin wax; oxides of aliphatic hydrocarbon waxes such
as oxidized polyethylene wax, or block copolymers thereof; waxes having fatty acid esters as main components, such as
carnaubawaxandmontanateesterwaxes; partially or fully deoxidized fattyacidesters, suchasdeoxidizedcarnaubawax;
saturated linear fatty acids such as palmitic acid, stearic acid andmontanic acid; unsaturated fatty acids such as brassidic
acid, eleostearic acid and parinaric acid; saturated alcohols such as stearyl alcohol, arachidyl alcohol, behenyl alcohol,
carnaubyl alcohol, seryl alcohol and melissyl alcohol; polyhydric alcohols such as sorbitol; fatty acid amides such as
linoleamide, oleamide and lauramide; saturated fatty acid bisamides such as methylene bis(stearamide), ethylene
bis(capramide), ethylene bis(lauramide) and hexamethylene bis(stearamide); unsaturated fatty acid amides such as
ethylene bis(oleamide), hexamethylene bis(oleamide), N,N’-dioleyladipamide and N,N’-dioleylsebacamide; aromatic
bisamides such asm-xylene bis(stearamide) and N,N’-distearyl isophthalamide; fatty acid metal salts (generally referred
to as metal soaps) such as calcium stearate, calcium laurate, zinc stearate and magnesium stearate; aliphatic hydro-
carbonwaxesgraftedwith vinylicmonomerssuchasstyreneandacrylic acid; partially esterifiedproductsof fattyacidsand
polyhydric alcohols such as behenic acid monoglyceride; and methyl ester compounds having hydroxyl groups and
obtained through hydrogenation of for instance plant-based oils and fats. The above waxes may be used singly or in
combinations of two or more types.
[0046] Preferably, the wax comprises a hydrocarbon wax. For instance, H1 and H2 are calorific values of exothermic
peaks corresponding to wax (preferably a hydrocarbon wax). Hydrocarbon waxes are for instance release agents. In
addition to the hydrocarbon wax, the wax may further comprise an ester wax as a plasticizer.
[0047] Examples of aliphatic alcohols that form ester waxes include 1-hexanol, 1-heptanol, 1-octanol, 1-nonanol, 1-
decanol, undecyl alcohol, lauryl alcohol, myristyl alcohol, 1-hexadecanol, stearyl alcohol, arachidyl alcohol, behenyl
alcohol, lignoceryl alcohol and ethylene glycol.
[0048] Examples of aliphatic carboxylic acids that form ester waxes include pentanoic acid, hexanoic acid, heptanoic
acid, octanoic acid, nonanoic acid, decanoic acid, lauric acid, myristic acid, palmitic acid, stearic acid, arachidic acid,
behenic acid and lignoceric acid.
[0049] The wax content is preferably 0.5 to 30.0 parts by mass relative to 100 parts by mass of binder resin or
polymerizable monomers.
[0050] For instance, the content of ester wax in the first toner and the second toner is preferably 5.0 to 25.0 parts by
mass, more preferably 10.0 to 20.0 parts by mass, relative to 100 parts by mass of binder resin or polymerizable
monomers.
[0051] A colorant will be addressed next.
[0052] The toner particlemayalso comprise a colorant. In particular, a powder adhesive canbe usedalso asan ordinary
printing toner by using a colorant in the powder adhesive.
[0053] The colorant is not particularly limited, and for instance the following known colorants can be used.
[0054] Examples of yellow pigments include yellow iron oxide, Naples yellow, Naphthol Yellow S, condensed azo
compounds such as Hansa Yellow G, Hansa Yellow 10G, Benzidine Yellow G, Benzidine Yellow GR, Quinoline Yellow
Lake,PermanentYellowNCG,andTartrazine Lake, aswell as isoindolinonecompounds, anthraquinone compounds, azo
metal complexes, methine compounds and allylamide compounds. Specific examples include the following.
[0055] C. I. Pigment Yellow 12, 13, 14, 15, 17, 62, 74, 83, 93, 94, 95, 109, 110, 111, 128, 129, 147, 155, 168, 180.
[0056] Examples of orange pigments include the following.
[0057] Permanent Orange GTR, Pyrazolone Orange, Balkan Orange, Benzidine Orange G, Indanthrone Brilliant
Orange RK and Indanthrone Brilliant Orange GK.
[0058] Examples of red pigments include condensed azo compounds such as red iron oxide, Permanent Red 4R,
ResoleRed,PyrazoloneRed,WatchingRedcalciumsalt, LakeRedC,LakeRedD,BrilliantCarmine6B,BrilliantCarmine
3B, Eosin Lake, Rhodamine Lake B and Alizarin Lake, as well as diketopyrrolopyrrole compounds, anthraquinone
compounds, quinacridone compounds, basic dye lake compounds, naphthol compounds, benzimidazolone compounds,
thioindigo compounds and perylene compounds. Specific examples include the following.
[0059] C. I. Pigment Red 2, 3, 5, 6, 7, 23, 48:2, 48:3, 48:4, 57:1, 81:1, 122, 144, 146, 166, 169, 177, 184, 185, 202, 206,
220, 221, 254.
[0060] Examples of blue pigments include alkali blue lake, Victoria blue lake, copper phthalocyanine compounds and
derivatives thereof such as phthalocyanine blue, metal-free phthalocyanine blue, phthalocyanine blue partial chloride,
Fast Sky Blue and Indanthrone Blue BG, as well as anthraquinone compounds and basic dye lake compounds. Specific
examples include the following.
[0061] C. I. Pigment Blue 1, 7, 15, 15:1, 15:2, 15:3, 15:4, 60, 62, 66.
[0062] Examples of violet pigments include Fast Violet B and Methyl Violet Lake.
[0063] Examples of green pigments include Pigment Green B, Malachite Green Lake and Final Yellow Green G.
[0064] Examples of white pigments include zinc white, titanium oxide, antimony white and zinc sulfide.
[0065] Examples of black pigments include carbon black, aniline black, non-magnetic ferrite, magnetite, and pigments
resulting from color matching to black using the above-described yellow colorants, red colorants and blue colorants.
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[0066] These colorants can be used singly or in mixtures thereof, and also in a solid solution state.
[0067] The colorant may be surface-treated, as the case may require, with a substance that does not inhibit poly-
merization.
[0068] Thecontent of thecolorant is preferably1.0 to15.0partsbymass relative to100.0parts bymassof binder resinor
polymerizable monomers. In a black toner comprising carbon black, the content of carbon black is preferably 1.0 to 15.0
parts bymass, more preferably 7.0 to 15.0 parts bymass, relative to 100.0 parts bymass of binder resin or polymerizable
monomers.
[0069] A charge control agent will be described next.
[0070] The toner particle may comprise a charge control agent, as needed. A known agent can be used as the charge
control agent, but preferred herein is a charge control agent having a high triboelectric charging rate, and that is capable of
stably maintaining a constant triboelectric charge quantity. In a case where the toner particle is produced in accordance
with a polymerization method, a charge control agent is preferable that has low polymerization inhibition properties, and
that forms substantially no solubilized product thereof in an aqueous medium.
[0071] The charge control agent may be a charge control agent that controls the toner so as to exhibit negative
chargeability or so as to exhibit positive chargeability.
[0072] Examples of charge control agents that control toner so as to exhibit negative chargeability include the following.
[0073] Monoazometal compounds, acetylacetonemetal compounds,metal compounds of aromatic hydroxycarboxylic
acids, aromatic dicarboxylic acids, hydroxycarboxylic acids and dicarboxylic acids, aromatic hydroxycarboxylic acids,
aromatic mono and polycarboxylic acids, and metal salts, anhydrides, and esters thereof, phenol derivatives such as
bisphenol, urea derivatives, metal-containing salicylic acid-based compounds, metal-containing naphthoic acid-based
compounds, boron compounds, quaternary ammonium salts, calixarene, resin type charge control agent, and the like.
[0074] Examples of charge control agents that control toner so as to exhibit positive chargeability include the following.
[0075] Nigrosine and nigrosine modifications such as fatty acid metal salts; guanidine compounds; imidazole com-
pounds; onium salts such as quaternary ammonium salts, for example, tributylbenzylammonium‑1-hydroxy‑4-naphtho-
sulfonate and tetrabutylammonium tetrafluoroborate, phosphoniumsaltswhich are analogues thereof, and lake pigments
thereof; triphenylmethane dyes and lake pigments thereof (examples of lake agents include phosphotungstic acid,
phosphomolybdic acid, phosphotungsticmolybdic acid, tannic acids, gallic acid, ferricyanide, ferrocyanide, and the like);
metal salts of higher fatty acid; and resin type charge control agent (charge control resin).
[0076] The above charge control agents can be used singly or in combinations of two or more types. Preferred among
these charge control agents aremetal-containing salicylic acid-based compounds, in particular compounds such that the
metal thereof is aluminum or zirconium.
[0077] Asachargecontrol resin there is preferablyusedapolymer, or copolymer, havingasulfonic acidgroup, a sulfonic
acid base or a sulfonic acid ester group.
[0078] The addition amount of the charge control agent is preferably 0.1 to 20.0 parts by mass, more preferably 0.5 to
10.0 parts by mass, relative to 100.0 parts by mass of binder resin.

An external additive will be described next

[0079] The toner can also comprise an external additive, as needed. For instance the toner has a toner particle and an
external additive. The external additive allows controlling for instance flowability, charging performance and cleaning
performance.
[0080] Examples of external additives that are used include inorganic oxide fine particles such as silica fine particles,
alumina fine particles and titanium oxide fine particles; inorganic stearate compound fine particles such as aluminum
stearate fine particles and zinc stearate fine particles; or strontium titanate fine particles; as well as inorganic titanate
compound fine particles such as zinc titanate fine particles. The external additive can be used singly or in combinations of
two or more types.
[0081] The total addition amount of external additive is preferably 0.05 to 10.00parts bymass,morepreferably 0.1 to 5.0
parts by mass, relative to 100 parts by mass of the toner particle.
[0082] A known method can be resorted to for fixing the external additive to the surface of the toner particle. Examples
include fixing using a Henschel mixer (dry productionmethod), and fixing by dispersing the toner particle and the external
additive in a solvent, followed by aggregation (wet production method).
[0083] A method for producing a toner particle will be explained next.
[0084] Aknownmethodcanbe resorted to forproducinga tonerparticle.Examples includedryproductionmethodssuch
as kneading pulverization, and wet production methods such as suspension polymerization, dissolution suspension,
emulsification aggregation, and emulsion polymerization aggregation. Awet productionmethod is preferably resorted to,
from the viewpoint in particular of achieving a sharp particle size distribution of the toner particle, improving the average
circularity of toner particle, and forming a core-shell structure.
[0085] In a case for instance where the toner particle is produced by kneading pulverization, which is a dry production
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method, the binder resin and, as needed, a wax, a colorant, a charge control agent and other additives are thoroughly
mixed in aHenschelmixer, a ballmill or the like. Thereafter, variousmaterials are dispersed or dissolved bymelt-kneading
using heat kneading equipment such as a heated roll, a kneader, or an extruder, and the resulting product is subjected to a
cooling solidification process, a pulverization process, a classification process and, as needed, a surface treatment
process, to obtain a toner particle.
[0086] A known pulverization apparatus, for instance of mechanical impact type or of a jet type may be used in the
pulverization process. The classification process and the surface treatment processmay precede the other, in the order of
processes. A multigrade classifier is preferably used in the classification process, from the viewpoint of production
efficiency.
[0087] An instancewill be describednext inwhich a toner particle is producedbysuspensionpolymerization,which is an
example of a wet production method. A production example of a toner particle relying on a suspension polymerization
method will be addressed next in detail, but the present disclosure is not limited thereto.
[0088] In a suspension polymerization method, firstly polymerizable monomers for producing a binder resin, and as
needed a wax, a colorant, a charge control agent, a crosslinking agent, a polymerization initiator and other additives are
uniformlydissolvedordispersedusingdispersionequipment suchasballmill or anultrasonic disperser, to therebyobtaina
polymerizable monomer composition (step for preparing a polymerizable monomer composition).
[0089] Next, theabovepolymerizablemonomer composition is charged intoanaqueousmediumpreparedbeforehand,
anddropletsmadeupof thepolymerizablemonomercompositionare formed to thedesired tonerparticlediameter, usinga
stirrer or disperser having high shear forces (granulating step).
[0090] Preferably, the aqueous medium in the granulating step comprises a dispersion stabilizer, for the purpose of
controlling the particle diameter of the toner particle, making particle size distribution sharper, and curtailing coalescing of
toner particles in the production process. Generally, dispersion stabilizers are broadly classified into polymers that bring
about repulsive forces due to steric hindrance, and into poorly water-soluble inorganic compounds for dispersion
stabilization by electrostatic repulsive forces. Fine particles of poorly water-soluble inorganic compounds are dissolved
by acids and alkalis. Such fine particles are therefore preferably used, since the particles can be easily removed by being
dissolved through washing with an acid or alkali after polymerization.
[0091] Preferably, a dispersion stabilizer comprising any one fromamongmagnesium, calcium, barium, zinc, aluminum
and phosphorus can be used herein as the dispersion stabilizer of a poorly water-soluble inorganic compound. More
preferably, the dispersion stabilizer comprises any one from among magnesium, calcium, aluminum and phosphorus.
Specific examples include the following.
[0092] Magnesium phosphate, tricalcium phosphate, aluminum phosphate, zinc phosphate, magnesium carbonate,
calciumcarbonate,magnesiumhydroxide, calciumhydroxide, aluminumhydroxide, calciummetasilicate, calciumsulfate,
barium sulfate and hydroxyapatide.
[0093] When using a poorly water-soluble inorganic dispersing agent, that agent may be used as-is, but can also be
used to generate inorganic dispersing agent particles in an aqueousmedium, in order to obtain finer particles. In the case
for instanceof tricalciumphosphate,water-insoluble tricalciumphosphate canbeproducedbymixinganaqueoussolution
of sodium phosphate and an aqueous solution of calcium chloride while under high-speed stirring; doing so allows
obtaining a more uniform fine dispersion.
[0094] Organic compounds such as polyvinyl alcohol, gelatin, methylcellulose, methylhydroxypropylcellulose, ethyl-
cellulose, sodium salts of carboxymethylcellulose and starch may be used concomitantly in the above dispersion
stabilizer.
[0095] The dispersion stabilizer is used in an amount of 0.1 to 20.0 parts by mass relative to 100 parts by mass of
polymerizable monomer.
[0096] To make the dispersion stabilizer yet finer there may be used concomitantly 0.1 to 10.0 parts by mass of a
surfactant relative to 100 parts by mass of the polymerizable monomer. Specifically, there can be used commercially
available nonionic, anionic and cationic surfactants. For instance sodium dodecyl sulfate, sodium tetradecyl sulfate,
sodium pentadecyl sulfate, sodium octyl sulfate, sodium oleate, sodium laurate, potassium stearate or calcium oleate are
preferably used herein.
[0097] After or during the granulating step, the temperature is preferably set to a temperature of 50 to 90°C, and the
polymerizable monomer included in the polymerizable monomer composition is then polymerized, to obtain a toner
particle dispersion (polymerization step).
[0098] In the polymerization step a stirring operation is preferably carried out so that the temperature distribution in a
vessel becomesuniform. In a casewhere apolymerization initiator is to beadded, this can beaccomplished at an arbitrary
timing and over a required lapse of time. For the purpose of achieving a desired molecular weight distribution, the
temperaturemaybe raised in the latter half of the polymerization reaction, and in order to removeunreactedpolymerizable
monomer, byproducts and the like out of the system, part of the aqueous medium may be distilled off in a distillation
operation, in the latter half of the reaction or once the reaction is over. The distillation operation can be carried out under
normal pressure or under reduced pressure.
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[0099] Preferably, the polymerization initiator used in a suspension polymerizationmethod has a half-life of 0.5 hours to
30 hours at the time of the polymerization reaction. A polymer having atmost a weight-averagemolecular weight between
5000 and 50000 can be obtained as a result of a polymerization reaction using 0.5 to 20.0 parts bymass of polymerization
initiator added, relative to 100 parts by mass of the polymerizable monomer.
[0100] An oil-soluble initiator is generally used as the polymerization initiator. Examples include for instance the
following.
[0101] Azocompounds suchas2,2’-azobisisobutyronitrile, 2,2’-azobis‑2,4-dimethylvaleronitrile, 1,1’-azobis(cyclohex-
ane‑1-carbonitrile), 2,2’-azobis‑4-methoxy‑2,4-dimethylvaleronitrile and the like; and peroxide-based initiators such as
acetylcyclohexylsulfonyl peroxide, diisopropyl peroxycarbonate, decanoyyl peroxide, lauroyl peroxide, stearoyl peroxide,
propionyl peroxide, acetyl peroxide, tert-butylperoxy‑2-ethylhexanoate, benzoyl peroxide, tert-butylperoxyisobutyrate,
cyclohexanone peroxide, methyl ethyl ketone peroxide, dicumyl peroxide, tert-butylhydroperoxide, di-tert-butyl peroxide,
tert-butylperoxypivalate and cumene hydroperoxide.
[0102] As needed, the polymerization initiator may be used concomitantly with a water-soluble initiator, examples
whereof include the following.
[0103] Ammonium persulfate, potassium persulfate, 2,2’-azobis(N,N’-dimethyleneisobutyramidine) hydrochloride,
2,2’-azobis(2-aminodinopropane) hydrochloride, azobis(isobutyramidine) hydrochloride, sodium 2,2’-azobisisobutyroni-
trile sulfonate, ferrous sulfate and hydrogen peroxide.
[0104] These polymerization initiators can be used singly or in combinations of two ormore types; also, a chain transfer
agent, a polymerization inhibitor or the like can be further added and used for the purpose of controlling the degree of
polymerization of the polymerizable monomer.
[0105] The weight-average particle diameter of the toner particle is preferably 3.0 to 10.0 µm, from the viewpoint of
achieving high-definition and high-resolution images. The weight-average particle diameter of the toner particle and the
toner can be measured in accordance with a pore electrical resistance method. For instance the weight-average particle
diameter can be measured using "Coulter Counter Multi sizer 3" (by Beckman Coulter, Inc.).
[0106] After thepolymerization step, the tonerparticle dispersion is fed toafiltrationprocess for solid-liquid separationof
the toner particle and the aqueous medium.
[0107] Solid-liquid separation for obtaining a toner particle from the obtained toner particle dispersion can be carried out
in accordance with a general filtration method; preferably, further washing for instance by washing using a re-slurry or
washing water is performed thereafter, in order to remove foreignmatter not having been removed from the toner particle
surface. After sufficient washing, solid-liquid separation is performed again, to obtain a toner cake. A toner particle is
obtained thereafter through drying using a known drying means, and by classifying, as needed, to separate particles
havingaparticle diameter other than apredeterminedone. The separatedparticles havingaparticle diameter other than a
predetermined one may be reused for the purpose of improving a final obtain.
[0108] A developer will be described next.
[0109] The toner can be used as a magnetic or non-magnetic one-component developer, but may be used as a two-
component developer by being mixed with a carrier.
[0110] As the carrier there canbeusedmagnetic particlesmadeupof knownmaterials, for instancemetals suchas iron,
ferrite ormagnetite, and alloys of thesemetals withmetals such as aluminumor lead. Ferrite particles are preferably used
among the foregoing. For instance, a coated carrier in which the surface of magnetic particles is coated with a coating
agent such as a resin, or a resin dispersion-type carrier resulting fromdispersing amagnetic fine powder in a binder resin,
may be used as the carrier.
[0111] The carrier preferably has a volume-average particle diameter of 15 to 100 µm, more preferably 25 to 80 µm.
[0112] An adhesion method will be described next.
[0113] For instance pattern formation can be accomplished electrophotographically using toner as a powder adhesive.
A toner imagecanbe formedonasheet bycharging the toner, developingapotential-drawn latent imageusinga toner, and
electrostatically transferring the developed image onto the sheet as an adherend. Sheets can thereupon be adhered
together by superimposing the toner images, with heating. Images can also be printed within the sheet using a toner.
[0114] The adhesion method includes the following steps.

(1) A step of forming a first unfixed toner layer using a first toner, on a first surface of a sheet.
(2) A step of forming a second unfixed toner layer using a second toner, on the first unfixed toner layer.
(3) A step of forming an image pattern for adhesion on the sheet, by performing heating from a surface of the second
unfixed toner layer to fix the first unfixed toner layer and the second unfixed toner layer to the sheet.
(4) A step of adhering the sheets to obtain an adhered product, by performing heating in a stacked configuration of the
image pattern for adhesion formed on a same sheet or a different sheet.

[0115] An image pattern for adhesion created in an adhesion process has, on the surface, a fixed toner image derived
from a second unfixed toner layer.
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[0116] Thepresent disclosurealso relates to a toner set that is used in theabove-describedadhesionmethod. The toner
set has the above-described first toner and second toner, separately. The present disclosuremay also provide a cartridge
set. The cartridge set comprises a first process cartridge that accommodates a first toner, and a second process cartridge
that accommodates a second toner.
[0117] An adhesion apparatus will be described next.
[0118] The adhesion apparatus, which stores for instance sheets of paper as an adherend, is provided with an image
formingunit asan image formingmeans, andmayhaveaheatingdevice asanadhesionmeans.Adhesion is performedby
applying heat to a stack of sheets having had a powder adhesive pattern formed thereon. Given that the adhesion
apparatus is providedwith an image forming unit and a heating device, an image can also be printed using a toner instead
of a powder adhesive.

Adhesion Method, Adhesion Apparatus, and Operation

[0119] The overall configuration of the adhesion apparatus will be explained with reference to FIG. 1. FIG. 1 is a
schematic diagram illustrating a cross-sectional configuration of the adhesion apparatus according to below-described
examples.
[0120] As illustrated in FIG. 1, the adhesion apparatus comprises an image forming unit 1 and the post-processing unit
300. The image forming unit 1 comprises the sheet cassette 8 as a sheet accommodating section that accommodates
sheets P as a recording material, the image forming section 1e as an image forming means, the fixing apparatus 6 as a
fixing means, and a housing 19 that accommodates the foregoing. The adhesion apparatus has a printing function of
forming a toner image, by the image forming section 1e, on a sheet P having been fed from the sheet cassette 8, and
producing a printed product having undergone a fixing treatment by the fixing apparatus 6.
[0121] The size of the sheet may be modified as appropriate depending on the size of the adhesion apparatus that is
used,and isnotparticularly limited. In theexampledescribedbelow, themaximumsize in the transport direction that allows
for image formation on the sheet P is an A4 size (297 mm long× 210 mmwide), with image forming being accomplished
through transport of A4-size sheets in the vertical direction. The sheet transport speed is likewise not particularly limited,
and is 300 mm/sec in the below-described examples.
[0122] The sheet cassette 8 is inserted at the bottom of the adhesion apparatus, so as to be drawable from the housing
19; herein the sheet cassette 8 accommodatesmultiple sheets P. The sheets P stored in the sheet cassette 8 are fed from
the sheet cassette 8 by a paper feeding roller 8a as a paper feeding section, and are transported by a transport roller pair
8b. Sheets set in a multi-tray 20 may also be fed one by one.
[0123] The image forming section 1e is a tandemelectrophotographic unit having four process cartridges 7y, 7m, 7c, 7k,
a scanner unit 2, and a transfer unit 3. Each process cartridge is a unit in whichmultiple components involved in an image
forming process are integrated together, so as to replaceable collectively by another unit.
[0124] The process cartridges 7y, 7m, 7c, 7k have substantially the same configuration, except for the types of toner
respectively accommodated in four toner storage sections Ky, Km, Kc, Kk. Specifically, the process cartridges 7y, 7m, 7c,
7kaccommodate respectivephotosensitivedrumsDy,Dm,Dc,Dkwhichare imagebearingmembers, charging rollersCy,
Cm, Cc, Ck which are charging devices, and toner storage sections Ky, Km, Kc, Kk that accommodate toner and supply
that toner to a respective photosensitive drum.
[0125] The four toner storagesectionsKy,Km,Kc,Kkaccommodateyellow (Ty),magenta (Tm), cyan (Tc)andblack (Tk)
toners for forming a visible image on the sheet P. The toners for forming that visible image canalso beused, in the formof a
toner for adhesion, as a powder adhesive for performing an adhesion process after printing.
[0126] The scanner unit 2 is disposed below the process cartridges 7y, 7m, 7c, 7k and above the sheet cassette 8. The
scanner unit 2 is an exposuremeans for irradiating the photosensitive drumsDy, Dm, Dc, Dk of the process cartridges 7y,
7m, 7c, 7k with laser beams Jy, Jm, Jc, Jk, to write respective electrostatic latent images on the photosensitive drums Dy,
Dm, Dc, Dk.
[0127] The transfer unit 3 comprises a transfer belt 3a as an intermediate transfer member (secondary image bearing
member). The transfer belt 3a is a belt member wound around a secondary transfer inner roller 3b and a tension roller 3c,
such that the outer periphery of the transfer belt 3a opposes the photosensitive drums Dy, Dm, Dc, Dk of the respective
process cartridges 7y, 7m, 7c, 7k. On the inner peripheral side of the transfer belt 3a there are arranged primary transfer
rollersFy, Fm,Fc, Fk, at positions corresponding to respective photosensitive drumsDy,Dm,Dc,Dk.A secondary transfer
roller 5 as a transfer means is arranged at a position opposing the secondary transfer inner roller 3b. A transfer nip 5n
between the secondary transfer roller 5 and the transfer belt 3a is a transfer section (secondary transfer section) at which
the toner image is transferred from the transfer belt 3a to the sheet P. The fixing apparatus 6 is disposed above the
secondary transfer roller 5.
[0128] Thefixingapparatus6comprisesa tubular fixingfilm(endlessbelt) 6aasa rotaryheatingmember,andapressing
roller 6c as a pressing member. The fixing apparatus 6 further has a heater 6b as a heating means, and which comes in
contactwith the innersurfaceof thefixingfilm6a,and thepressing roller 6casapressing rotatingmember that formsvia the
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fixing film 6a the fixing nip 6n together with the heater 6b.
[0129] The operation of the image forming unit 1 will be explained next with reference back to FIG. 1. When the image
forming unit 1 receives the input of image data such as an image pattern for adhesion to be printed and a print execution
command, a control unit, not shown, of the adhesion apparatus prompts transport of the sheet P and initiates a series of
operations (image formingoperation) for formingan imageon the sheetP. In the image formingoperation, firstly the sheets
Pare fedonebyone from thesheet cassette8, andare transported towards the transfer nip5nbywayof the transport roller
8b.
[0130] In parallelwith feedingof the sheetsP, theprocess cartridges7y, 7m, 7c, 7karedriven sequentially, to rotationally
drive the photosensitive drums Dy, Dm, Dc, Dk. The surfaces of the photosensitive drums Dy, Dm, Dc, Dk become
thereupon uniformly charged by the charging rollers Cy, Cm, Cc, Ck. The scanner unit 2 irradiates the photosensitive
drumsDy,Dm,Dc,Dkof respectiveprocess cartridges7y, 7m,7c, 7kwith laser light havingbeenmodulatedon thebasis of
the imagedata, to thereby form respective electrostatic latent images on the surfaces of the photosensitive drumsDy,Dm,
Dc, Dk. Next, the electrostatic latent images on the photosensitive drums Dy, Dm, Dc, Dk are developed as respective
toner images by toners supported on developing rollers Hy, Hm,Hc, Hkwithin the toner storage sectionsKy, Km, Kc, Kk of
the process cartridges 7y, 7m, 7c, 7k.
[0131] The transfer belt 3a rotates in the counterclockwise direction (arrowV) in the figure. The toner images formed on
the process cartridges 7y, 7m, 7c, 7k become primary-transferred onto the transfer belt 3a from the photosensitive drums
Dy,Dm,Dc,Dk, on account of the electric fields formed between the photosensitive drumsDy,Dm,Dc,Dk and the primary
transfer rollers Fy, Fm, Fc, Fk.
[0132] The resulting toner imagesupportedon the transfer belt 3aand that has reached the transfer nip 5n is secondary-
transferred onto a transported sheet P on account of the electric field formed between the secondary transfer roller 5 and
the secondary transfer inner roller 3b.
[0133] In a casewhere the toner image formed on the sheet P after secondary transfer is to include all four color toners,
the black toner Tk is disposedat the position closest to the sheetP. The cyan toner Tc is disposed on the black toner Tk, the
magenta toner Tm isdisposedon the cyan tonerTc, and the yellow tonerTy is disposedat aposition farthest from thesheet
P.
[0134] Thereafter, the sheet P is transported to the fixing apparatus 6, where it is subjected to a heat fixing treatment.
Specifically, the toner image on the sheet P is heated and pressed as the sheet P passes through the fixing nip 6n, to elicit
melting of the toners Ty, Tm, Tc, Tk, after which a toner layer becomes formed through solidification, and there is obtained
an image such as an image pattern for adhesion fixed to the sheet P.
[0135] In the present disclosure, a first unfixed toner layer is formed using a first toner, on the first surface of the sheet,
and a second unfixed toner layer is formed using a second toner, on the first unfixed toner layer, to thereby form an image
pattern so that the second unfixed toner layer is the pattern surface. The formed image pattern is then fixed on the first
surfaceof thesheet, to forman imagepattern for adhesion.Thefirst unfixed toner layermaybe formed,using thefirst toner,
also on a second surface of the sheet, on the reverse side from that of the first surface, with a second unfixed toner layer
being formed, using the second toner, on the first unfixed toner layer, to form as a result an image pattern on the second
surface such that the second unfixed toner layer is the pattern surface, followed by a fixing process, and thereby form an
imagepattern for adhesionon the sheet. That is, an imagepattern for adhesionmaybe formedonboth facesof the sheet. If
the first toner and the second toner satisfy Expressions (1) and (2), for instance a further toner layer may be provided
between the sheet and the first unfixed toner layer, within a range such that the effect of the present disclosure is not
impaired.
[0136] The first toner may comprise toners of multiple colors, and the second toner may comprise toners of multiple
colors, provided that the first toner and the second toner satisfy Expressions (1) and (2). The first toner and the second
toner may be of identical color, so long as the first toner and the second toner satisfy Expressions (1) and (2).
[0137] The first toner is preferably a black toner Tk, and the second toner is preferably at least one selected from the
group consisting of a cyan toner Tc, a magenta toner Tm and a yellow toner Ty. For instance the first toner may be a cyan
toner Tc, and the second tonermay be at least one selected from the group consisting of amagenta toner Tmand a yellow
toner Ty. The first toner may be magenta toner Tm, and the second toner may be yellow toner Ty.
[0138] A switching guide 33 is a flap-like guide member for switching the transport direction in a case where there is
selected either one from among a single-sided printing mode in which an image is formed on one face of the sheet P, or a
double-sidedprintingmode inwhich imagesare formedonboth facesof the sheetP. In the caseof the single-sidedprinting
mode, the switching guide 33 transports the sheet P towards a paper discharge roller pair 34.
[0139] In thecaseof thedouble-sidedprintingmode,bycontrast, theswitchingguide33 transports thesheetP towardsa
switchback roller pair 35, whereupon the switchback roller pair 35 reverses the rotational direction, after discharge of the
discharging the sheet P up to the trailing edge of the sheet P, to thereby guide the sheet P towards a duplex transport path
36 for double-side printing. The sheet P transported on the duplex transport path 36 passes through a secondary transfer
section and a fixing section again, as a result of which an image pattern for adhesion becomes formed on the second
surface (unprinted sheet surface), on the reverseside from that of the first surface. Thereafter, thesheetPhavingan image
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formed thereon is transported by the switching guide 33 towards the paper discharge roller pair 34, whereupon paper
discharge rollers 34 transport the sheet P to the post-processing unit 300 via an intermediate transport unit 200 having
transport roller pairs 201 and 202.
[0140] The post-processing unit 300 has a floor-standing configuration, i.e. is fitted at the bottom thereof with a sheet
aligning means and with a thermocompression adhesion unit 51 as an adhesion apparatus for booklet for heating and
pressing the aligned sheet bundles for a predetermined time. In the below-described examples, the sheet transport speed
in the intermediate transport unit 200 and the post-processing unit 300 is 600 mm/sec.
[0141] In the present disclosure a plurality of sheets having an image pattern for adhesion formed thereon are laid up on
each other to obtain a sheet bundle, in such amanner that the second toner layers of the image pattern for adhesion are in
contact with each other, and thereupon the image patterns for adhesion in the sheet bundle are heated (preferably heated
and pressed), to thereby bond the sheets to each other and obtain a booklet. The sheets can be adhered together by the
thermocompression adhesion unit 51.
[0142] EachsheetPhavingbeen transported from the intermediate transport unit 200 ishandedover toa transport roller
pair 21 of the post-processing unit 300. Transport rollers 22 accelerate the sheet at a predetermined timing, on the basis of
the passage timeof the trailing endof the sheetP, by an inlet sensor 27. In a casewhere in image formation inwhich sheets
are not adhered together the sheets are discharged onto anupper paper discharge tray 25, as a discharge destination, the
sheets are decelerated to apredetermined paper discharge speed, at a stagewhere the sheet trailing end comesbetween
the transport rollers 22 and reversing rollers 24, and are discharged onto the upper paper discharge tray 25.
[0143] In a casewhere a booklet is obtained by adhering sheets to each other, the adhered booklet is discharged froma
lower paper discharge tray 37 via the thermocompression adhesion unit 51. In this case sheet transport is temporarily
discontinued at the timing when the sheet trailing end passes through a backflow prevention valve 23, which is urged
clockwise in the figure by a spring, not shown, whereupon the sheet is switched back and transported to inner paper
discharge rollers 26.
[0144] The sheet P transported from the inner paper discharge rollers 26 is fed to a kicking roller 29 via intermediate
transport rollers 28, and is then transported to an intermediate stacking section 42. Longitudinal-alignment reference
plates 39 are disposed at themost downstream part of the intermediate stacking section 42, such that the sheet bundle is
aligned through abutting of sheet edges against the vertical-alignment reference plates 39.
[0145] A sheet alignment method will be explained next with reference to FIG. 1 and FIGS. 2A to 2D. The vertical
direction of the sheet P is defined as a Y direction, the lateral direction of the sheet P is defined as an X direction, and the
height direction isdefinedasaZdirection.As illustrated inFIG.2A, in the intermediatestackingsection42 there is rotatably
supported a semicircular roller 40 for pushing the sheet P, having passed through the kicking roller 29, against the vertical-
alignment reference plates 39. The semicircular roller 40 transports the sheet towards the vertical-alignment reference
plates 39 at a predetermined timing. As illustrated in FIG. 2B, the semicircular roller 40 is adjusted to a conveying pressure
such that the semicircular roller 40 slides over the sheet after the sheet abuts the vertical-alignment reference plates 39.
[0146] After reaching the vertical-alignment reference plate, an alignment operation is performeduntil lateral-alignment
joggers 41a abut a lateral alignment reference plate 500 (dotted line), as illustrated in FIG. 2C, as a result of which a sheet
bundle becomes aligned to a predetermined position as in FIG. 2D. The operations illustrated in FIGS. 2C and 2D are
performed collectively for each predetermined number of sheets, in concert with a binding operation by the thermo-
compression adhesion unit 51 as a sheet adhesion means.
[0147] The thermocompression adhesion unit 51 performs thermocompression adhesion on a sheet bundlemade upof
a plurality of sheets P, to produce a booklet that is bound at the left edge or is bound at the right edge. The bundle of sheets
aligned in the vertical directionand the lateral direction is heatedandpressedby the thermocompressionadhesionunit 51,
as a result of which it becomes possible to produce a booklet that has been aligned with high precision.
[0148] In the present disclosure the second toner layers of the image patterns for adhesion formed on a same sheet or
different sheets are superimposed so as to come in contact with each other. The number of sheets may be one, two or
more. It is preferable that the fixed toner image of the image pattern for adhesion formed on different sheets are
superimposed so as to come in contact with each other. The sheets can be adhered to each other, to obtain a booklet,
through heating of the image patterns for adhesion on the sheets. The sheets are laid up in such amanner that the second
toner layers are in contact with each other, and accordingly the image pattern for adhesionwhich is thus a stack of the first
toner layer and the second toner layer has at least two layers between sheet and sheet (FIG. 6).
[0149] For instance a sheet bundlemay be obtained by overlaying a plurality of sheets each having an image pattern for
adhesion formed on both the first surface and the second surface.
[0150] A sheet having an image pattern for adhesion formed on the first surface and another sheet having an image
pattern for adhesion formed on the first surface may be superimposed on each other in such a manner that the second
toner layers are in contact with each other. A sheet bundle can thus be produced by in the above-described double-sided
printingmode. For instance a plurality of sheets, having an image pattern for adhesion formed on both faces of the sheets,
are laid up, by using herein sheets that have no image pattern for adhesion formed on the surface side of the sheet bundle.
The number of sheets can be set arbitrarily.
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[0151] Preferably, the sheets are adhered to each other by heating the image patterns for adhesion in the sheet bundle,
toobtainabooklet asadeliverable.Preferably, heating isperformed from thesideatwhichno imagepattern for adhesion is
formed. For instance heatingmay be performed from the second surface side on the back of the first surface of the sheets.
That is, preferably no image pattern for adhesion is formed on the surface (second surface) of the sheet that forms the
surface of the sheet bundle that can constitute the cover of the booklet.
[0152] The structure of the thermocompression adhesion unit 51 will be further explained now. FIG. 3A is a cross-
sectional diagramof the thermocompression adhesion unit 51,wherein a heating plate 502madeof aluminum is disposed
on a ceramic heater 501 that has in turn a built-in heating element as a heat source of the thermocompression adhesion
unit 51. In the below-described examples, the dimensions of the ceramic heater include a thickness of 1.0 mm, a width of
8.0 mm and a length of 350 mm. The ceramic heater 501 can be controlled to an arbitrarily set temperature by a
temperature detection means and by a power application means that are supported by a heater support 503, not shown.
[0153] In the below-described examples, the set temperature is adjusted so that the surface temperature of a pressure
section A of the heating plate 502 is 200°C. By providing thus the pressure section A on the heating plate 502, heat and
pressure from the thermocompression adhesion unit 51 become concentrated only at the site at which the image patterns
for adhesion are present, namely at a binding position of the sheet bundle, such that heating and pressing can be
performed efficiently. The ceramic heater is supported by the heater support 503 made of a resin.
[0154] The degree of heating and pressingmay bemodified as appropriate depending on themelting characteristics of
the toner. For instance the lowest temperature of the image pattern for adhesionmay be preferably set to lie in the range of
75 to100°C,morepreferably 78 to90°C. Thesurface temperature at thepressure sectionAmaybe for instance set to lie in
the range of 180 to 240°C.
[0155] A pressing lever 504 receives power from a drive source, not shown, for the purpose of pushing down the
thermocompression adhesion unit 51 in the -Z direction (downward), and thereby apply a pressing force to the sheet
bundle. The pressing force of the pressing lever 504 is transmitted via a metal stay 505 as a rigid body. In the below-
describedexamples, thepressing lever 504appliesapressing force to the sheet bundleP, at a total pressureof 30 kgf. The
reference symbol 506, which is a pressing platemade of silicone rubber and having a thickness of 2.0mm, is amember for
stably receiving a pressing force. The total pressure on the sheet bundle P is preferably 25 to 50 kgf, more preferably 28 to
40 kgf, so long as the pressure at the time of pressing allows forming a sheet bundle.
[0156] In the below-described examples, the thermocompression adhesion unit 51 presses the sheet bundle for 2
seconds, and thereafter moves off the pressed sheet bundle. An adhesion process may be carried out in which up to five
sheets P having basisweight of up to 90 g/m2 are adhered together at a time. FIG. 3B illustrates the cross-sectional shape
of the heating plate 502; in the below-described examples, the pressure section A has a 1.0 mm flat portion and a curved
portionwith curvature,R, of 1.5, on either side of the flat portion. The length of the heating plate 502 in theYdirection is 300
mm.
[0157] As illustrated in FIG. 3A, once an adhesion process by the thermocompression adhesion unit 51 is over (P1‑1 to
P1‑5), the sheetsPare thereafter sequentially laid up thereon (P2‑1 toP2‑4), as illustrated inFIG. 3C; thereupon,P1‑1 to5
andP2‑1 to4maybeadhered together.Adeliverable canbeproducedasa result that includes a largenumber of booklets.
In the below-described examples, a configuration is adopted inwhich amaximumof 50 booklets can be produced through
supply of 5 sheets P the first time, and thereafter at most 4 sheets each time. During a continuous operation, the sheets P
are supplied to the thermocompression adhesion unit 51; a booklet can thereupon be produced efficiently through
repeated execution, by the thermocompression adhesion unit 51, of a descent operation, a pressing operation (for 2
seconds), and an ascent operation.
[0158] Once the adhesion process by the thermocompression adhesion unit 51 is complete, a bundle discharge guide,
not shown, moves parallelly from a standby position towards a sheet discharge outlet 45, to thereby push the booklet out.
Bundle discharge rollers 38 are provided at the sheet discharge outlet 45.
[0159] The bundle discharge guide stops at a position at which the leading edge of the booklet slightly juts beyond the
bundle discharge rollers 38, and thereupon returns once again to the standby position. The bundle discharge rollers 38
discharge the booklet, having been handed over from the bundle discharge guide, onto the lower paper discharge tray 37.
[0160] FIG. 4A is a schematic diagram illustrating a print area S of an image pattern for adhesion that utilizes toners Ty,
Tm, Tc, Tk, in a below-described example. As denoted by the hatched area, the print area S of the image pattern for
adhesion is formedona longedgeof thesheetP, so that a long-edgeboundbooklet canbeproducedasadeliverableat the
timeofbooklet production inapost-processingapparatus. In thebelow-describedexamples, thewidthWof theprint areaS
of the image pattern for adhesion was set to 4.0 mm.
[0161] Theshapeof theprint areaSmaybemodifiedasappropriate so that a desired booklet is obtained.By forming the
print area S of the image pattern for adhesion on part of the long side end, as illustrated in FIG. 4B, a deliverable can be
produced in the form of a corner-bound booklet. In the below-described examples, the amount (laid-on level) of toner per
unit areaof each single color toner as used in the imagepattern for adhesionwasset to 0.4mg/cm2. For instance, the toner
laid-on level on the sheet is preferably 0.3 to 1.5mg/cm2,more preferably 0.4 to 1.0mg/cm2, for both the first toner and the
second toner.
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[0162] Methods for measuring various physical properties in the present disclosure will be described next.

Method for Measuring a Calorific Value H

[0163] The calorific value H1 (J/g) of the first toner and the calorific value H2 (J/g) of the second toner are measured
according to ASTMD3418‑82, using a differential scanning calorimeter "Q1000" (by TA Instruments). The temperature at
thedetectionunit of the instrument is correctedon thebasis of themeltingpointsof indiumandzinc, and theamount of heat
is corrected on the basis of the heat of fusion of indium.
[0164] Specifically, 3 mg of toner to be measured are weighed exactly and are placed on an aluminum pan. An empty
aluminum pan is used as a reference. In the measurement, the temperature is raised at a rate of 10°C /min within a
measurement temperature range of 20 to 180°C, is held at 180°C for 10 minutes, and is then cooled from 180°C down to
20°Cat a cooling rate of 10°C /min.Abaseline (a line connectinga30°Cplot anda180°Cplot of the resultingDSCcurve) is
drawn for the exothermic peak in the DSC curve in a temperature range of 30 to 180°C in the course of the above cooling
(temperature-lowering process); the peak area in the range from 35°C to 75°C is taken as the calorific value H. The peak
area is the integration valueof the regionwedgedbetween theDSCcurveand thebaseline.HereinH1denotes thecalorific
valueH in themeasurement of the first toner, andH2denotes the calorific valueH in themeasurement of the second toner.

Method for Measuring a Content W of Hydrocarbon Wax in Toner

[0165] ThecontentWofhydrocarbonwaxper100parts bymassof abinder resin in the toner is calculated inaccordance
with theprocedure below.Firstly, thereareworkedout themassX1of a tetrahydrofuran (THF)‑soluble fractionof the toner,
the mass X2 of an insoluble fraction, and an incineration ash fraction X3 of the insoluble fraction. The amount w of
hydrocarbon wax in the toner is determined next. The amount R of binder resin in the toner is likewise determined. The
content of hydrocarbon wax per 100 parts bymass of binder resin can be calculated on the basis of the above values of w
and R.
[0166] Specifically, 1.5 g of toner are weighed exactly, are laid on cylindrical filter paper (product name: No. 86R, size
28×100 mm, by Advantec Toyo Kaisha, Ltd.) having been weighed exactly beforehand, and the whole is set in a Soxhlet
extractor. Extraction is then performed for 20 hours using 200 mL of tetrahydrofuran (THF) as a solvent; extraction is
conducted herein at a reflux rate such that there is one solvent extraction cycle once every 5 minutes. Once extraction is
over, the cylindrical filter paper is retrieved and air-dried, and is then vacuum-dried at 40°C for 8 hours, and thereafter the
mass of the cylindrical filter paper containing an extraction residue is weighed, and thereupon the mass of the extraction
residue, calculated by subtracting themass of the cylindrical filter paper, is taken as themassX2 (g) of the tetrahydrofuran
(THF)‑insoluble fraction. Themass X1 (g) of the tetrahydrofuran (THF)‑soluble fraction in the toner is given by Expression
(A) below.

[0167] A content X3 (g) of a component other than a resin component is determined in accordance with the following
procedure. Herein 1.5 g of toner are weighed exactly in a 30mLmagnetic crucible having had been weighed beforehand.
Themagnetic crucible is placed in an electric furnace, is heated at about 900°C for about 3 hours, is allowed to cool in the
electric furnace, and to cool down in a desiccator at normal temperature for 1 hour or longer, and the mass of the crucible
containing the incineration ash fraction is weighed; the incineration ash fraction X3 (g) is thereupon calculated by
subtracting the mass of the crucible.
[0168] The extract obtained as a result of the above operation is filtered through a solvent-resistant membrane filter
"MYSYORI DISC" (by Tosoh Corporation) having a pore diameter of 0.2 µm, to obtain a sample solution. Measurements
are performed under the following conditions, using this sample solution.

Device: HLC8320 GPC (detector: RI) (by Tosoh Corporation)
Column: 2 columns Shodex LF‑404, LF‑404 (by Showa Denko KK)
Eluent: Tetrahydrofuran (THF)
Flow rate: 1.0 ml/min
Oven temperature: 40.0°C
Sample injection amount: 0.10 ml

[0169] Then there are measured a total area S of the obtained molecular weight distribution of the tetrahydrofuran
(THF)‑soluble fraction in the toner, and a peak area P1 derived from a hydrocarbon wax having a molecular weight
corresponding to thewax identified in accordancewith a below-described identificationmethod of themolecular structure
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of a hydrocarbon wax comprised in the toner.
[0170] The amount w of hydrocarbon wax in the toner can be determined on the basis of Expression (B) below.

[0171] The total areaSof themolecularweight distributionof the tetrahydrofuran (THF)‑soluble fraction in the toner, and
the surface area PW derived from the total wax, are obtained as a result of the above GPC, and then the amount R of the
binder resin in the toner can be worked out on the basis of Expression (R) below.

[0172] The contentW of the hydrocarbon wax with respect to 100 parts bymass of the binder resin can then be worked
out from the obtained amount w of the hydrocarbon wax and the obtained amount R of the binder resin.
[0173] Method for Identifying the Molecular Structure of a Hydrocarbon Wax in Toner
[0174] Firstly, a hydrocarbon wax is isolated from the toner in accordance with the following separation operation. The
toner is dispersed in ethanol, which is a poor solvent of toner, and the temperature is raised to a temperature above the
melting point of the wax. The above operation may be accomplished under reduced pressure, as needed. The wax that
exceeds the melting point melts as a result of this operation, and is extracted in ethanol. When pressure is applied in
addition to heating, the wax can then be separated from the toner by solid-liquid separation while under application of
pressure.
[0175] Theextract is next dried and solidified, to obtainwax. A hydrocarbonwax can then be isolated through sorting, by
molecular weight, of the obtained wax.
[0176] The molecular structure of the isolated hydrocarbon wax is identified next. The molecular structure is identified
using a pyrolysis-gas chromatography-mass spectrometer (hereafter referred to as pyrolysis-GC/MS) and NMR.
[0177] The following operations are specifically carried out.

(1) Herein 50 mg of toner are weighed exactly in an 8 mL glass sample bottle, and 1 mL of deuterated chloroform is
added and the lid is closed, after which the resultingmixture is dispersed and dissolved for 1 hour using an ultrasonic
disperser. Themixture is filteredusingamembranefilter havingadiameter of 0.4µm,and the filtrate is recovered. The
deuterated chloroform-insoluble fraction remains at that time on the membrane filter.
(2) Then a 1H-NMR measurement is performed on the filtrate, and the resulting spectrum is attributed to the
constituent monomers of the hydrocarbon wax and ester wax, to work out quantitative values.
(3)Ananalysis by pyrolysis-GC/MS is thenperformed.Aderivatization treatment suchasmethylation is performedas
needed, and the molecular weight of the hydrocarbon wax is calculated.

<NMR measurement conditions>
Device: Bruker AVANCE 500 by Bruker Biospin Corporation
Measured nucleus: 1H
Measurement frequency: 500.1 MHz
Number of scans: 16 scans
Measurement temperature: room temperature
<Measurement Conditions of Pyrolysis-GC/MS>
Pyrolysis device: TPS‑700 by Japan Analytical Industry Co., Ltd.
Pyrolysis temperature: appropriate value of 400°C up to 600°C
GC/MS device: ISQ by Thermo Fisher Scientific Inc.
Column: "HP5-MS" (Agilent/19091S‑433), length 30 m, inner diameter 0.25 mm, film thickness 0.25 µm
<GC/MS conditions>
Inlet conditions:

Inlet temperature 250°C
Split flow: 50 mL/min
GC heating conditions: 40°C (5 min)→10°C/min (300°C)→300°C (20 min) Examples

[0178] The present disclosure will be explained in further detail hereafter by way of production examples and working
examples, but these examples are not meant to limit the present disclosure in any way. Unless otherwise specified, the
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notations "parts" and "%" in the formulations of the examples and comparative examples refer to a mass basis in all
instances.

Production of Toner 1

[0179] Preparation of Polymerizable Monomer Composition 1

- Styrene 60.0 parts
- Carbon black 10.0 parts

[0180] The abovematerials were charged into an attritor (by NipponCoke &EngineeringCo., Ltd.), and dispersion was
carried out for 5.0 hours at 220 rpm, using zirconia particles having a diameter of 1.7mm, after which the zirconia particles
were removed, to obtain a colorant-dispersed solution having a pigment dispersed therein.
[0181] The materials below were added to the above colorant-dispersed solution.

- Styrene 15.0 parts
- n-butyl acrylate 20.0 parts
- Hexanediol diacrylate 0.5 part
- Polyester resin 4.0 parts

(condensation polymerization product of terephthalic acid and a propylene oxide 2-mole adduct of bisphenol A;
weight-average molecular weight Mw 10000; acid value 8.2 mgKOH/g)

- Hydrocarbon wax (melting point: 79°C) 5.0 parts
- Ethylene glycol distearate 15.0 parts

[0182] As a dissolution / dispersion step, the above materials were next kept warm at 65°C, and were dissolved and
dispersed uniformly at 500 rpm using T. K. Homomixer, to prepare a polymerizable monomer composition.

Preparation of Aqueous Medium 1

[0183] Herein 11.2 parts of sodium phosphate (dodecahydrate) were charged into a reaction vessel containing 390.0
parts of ion-exchangedwater, and thewholewas keptwarmat 65°C for 1.0 hourwhile under purgingwith nitrogen.Stirring
was carried out at 12000 rpm using T. K. Homomixer (by Tokushu Kika Kogyo Co., Ltd.). While maintaining stirring, an
aqueous solution of calcium chloride resulting from dissolution of 7.4 parts of calcium chloride (dihydrate) in 10.0 parts of
ion-exchanged water was inputted to the reaction vessel all at once, to prepare an aqueous medium that contained a
dispersion stabilizer. Then 1.0mol/L hydrochloric acid was added to the aqueousmedium in the reaction vessel, to adjust
pH to 6.0 and prepare thus Aqueous medium 1.

Granulating Step

[0184] While the temperature of Aqueous medium 1 was maintained at 70°C and the rotational speed of the stirring
device at 12500 rpm, the polymerizable monomer composition was inputted to Aqueous medium 1, with addition of 8.0
parts of t-butyl peroxypivalate as a polymerization initiator. Granulation was performed for 10 minutes while maintaining
12500 rpm in the stirring device as it was.

Polymerization Step

[0185] The high-speed stirring device was modified to a stirrer equipped with a propeller stirring blade, and polymer-
ization was carried out for 5.0 hours by holding the temperature at 70°C and while under stirring at 200 rpm. A further
polymerization reaction was conducted by further raising the temperature to 85°C, and by heating for 2.0 hours.
[0186] Residual monomers were removed by raising the temperature to 98°C and by heating for 3.0 hours. Thereafter,
the temperature was lowered to 55°C, and this temperature was held for 5.0 hours while maintaining stirring. The
temperaturewas then lowered to 25°C. Ion-exchangedwaterwas added to adjust the concentration of the toner particle in
the dispersion to 30.0 mass%, and obtain Toner particle dispersion 1 having Toner particle 1 dispersed therein.

Washing Step

[0187] Toner particle dispersion 1 was adjusted to pH of 1.5 using 1 mol/L hydrochloric acid, with stirring for 1.0 hour,
followed by filtration while under washing with ion-exchanged water, and by drying, to obtain Toner particle 1.
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[0188] Table 2 sets out the physical properties of the obtained Toner particle 1.

External Addition Step

[0189] To 100 parts of the obtained Toner particle 1 there were added 1.0 part of an external additive in the form of silica
fine particles having been hydrophobized using dimethyl silicone oil (20 mass%) (number-average particle diameter of
primary particles: 10 nm; BET specific surface area: 170 m2/g), with mixing at 3000 rpm for 15 minutes using a Mitsui
Henschel mixer (by Mitsui Miike Engineering Corporation), and as the result, the toner 1 was obtained. The jacket
temperature of the Henschel mixer was set to 10°C, and the peripheral speed of the rotating blade was set to 38 m/sec.

Production of Toners 2 to 27

[0190] Toners 2 to 27were obtained in the sameway as Toner 1 but herein the type of colorant and the number of added
parts of hydrocarbon waxweremodified as given in Table 1. Table 2 sets out the physical properties of the obtained toner.

[Table 1]

Colorant Hydrocarbon wax amount
(parts)

Hydrocarbon wax amount (parts) per 100
parts of binder resin

Toner 1 Carbon black 5.0 5.2

Toner 2 C. I. Pigment Blue 15:3 5.0 5.2

Toner 3 C. I. Pigment Red 122 5.0 5.2

Toner 4 C. I. Pigment Blue 15:3 8.5 8.9

Toner 5 C. I. Pigment Blue 15:3 7.0 7.3

Toner 6 C. I. Pigment Blue 15:3 3.2 3.4

Toner 7 C. I. Pigment Blue 15:3 3.8 4.0

Toner 8 C. I. Pigment Blue 15:3 4.0 4.2

Toner 9 C. I. Pigment Blue 15:3 10.0 10.5

Toner 10 C. I. Pigment Blue 15:3 10.2 10.7

Toner 11 C. I. Pigment Blue 15:3 4.8 5.0

Toner 12 C. I. Pigment Blue 15:3 10.5 11.0

Toner 13 C. I. Pigment Blue 15:3 3.6 3.8

Toner 14 C. I. Pigment Blue 15:3 10.4 10.9

Toner 15 C. I. Pigment Blue 15:3 12.5 13.1

Toner 16 C. I. Pigment Blue 15:3 5.5 5.8

Toner 17 C. I. Pigment Yellow 155 10.7 11.2

Toner 18 C. I. Pigment Yellow 155 7.3 7.6

Toner 19 C. I. Pigment Yellow 155 9.0 9.4

Toner 20 C. I. Pigment Yellow 155 12.5 13.1

Toner 21 C. I. Pigment Yellow 155 12.2 12.8

Toner 22 C. I. Pigment Yellow 155 5.8 6.1

Toner 23 C. I. Pigment Yellow 155 5.5 5.8

Toner 24 C. I. Pigment Yellow 155 10.9 11.4

Toner 25 C. I. Pigment Yellow 155 5.3 5.5

Toner 26 C. I. Pigment Yellow 155 13.0 13.6

Toner 27 C. I. Pigment Yellow 155 10.0 10.5
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[Table 2]

H (J/g)

Toner 1 5.0

Toner 2 5.0

Toner 3 5.0

Toner 4 14.0

Toner 5 10.0

Toner 6 0.5

Toner 7 2.0

Toner 8 2.5

Toner 9 17.5

Toner 10 18.0

Toner 11 4.0

Toner 12 18.7

Toner 13 1.5

Toner 14 18.5

Toner 15 24.0

Toner 16 6.0

Toner 17 19.5

Toner 18 10.5

Toner 19 15.0

Toner 20 24.0

Toner 21 23.5

Toner 22 6.5

Toner 23 6.0

Toner 24 20.0

Toner 25 5.5

Toner 26 24.5

Toner 27 18.0

[0191] In the table, H (J/g) denotes calorific value H.
[0192] Evaluationwas performedusing the above-described adhesion apparatus illustrated in FIG. 1. In Example 1, the
process cartridge 7k was filled with toner 1 and the process cartridge 7y was filled with toner 18. No toner was filled in any
cartridge other than those of two colors 7k and 7y. Examples 2 to 20 andComparative examples 1 to 10 involved filling the
process cartridge 7y, process cartridge 7m and process cartridge 7c with respective toners in the combinations given in
Table 3. Similarly, in Examples 2 to 20 andComparative examples 1 to 10 no toner was filled in, other than in the two color
cartridges that contained the first toner and the second toner.
[0193] In the present embodiment the lowest toner temperature (temperature of the image pattern for adhesion) at the
time of adhesion of at most 5 sheets at once, in the adhesion process of a sheet bundle by the thermocompression
adhesionunit 51,wasset to80°C. In furtherdetail, as illustrated inFIG.3A, thesurface temperatureof theheatingplateand
the set temperature of the temperature detection means were set so that the toner temperature between P1‑4 and P1‑5
was 80°C, at the time of the adhesion process of P1‑1 to P1‑5 all at a time.
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[Table 3]

First Toner
No.

Second
Toner No.

H1
(J/g)

H2
(J/g) H2-H1

Example 1 Toner set 1 1 17 5.0 19.5 14.5

Example 2 Toner set 2 2 17 5.0 19.5 14.5

Example 3 Toner set 3 3 17 5.0 19.5 14.5

Example 4 Toner set 4 4 17 14.0 19.5 5.5

Example 5 Toner set 5 2 18 5.0 10.5 5.5

Example 6 Toner set 6 5 19 10.0 15.0 5.0

Example 7 Toner set 7 6 20 0.5 24.0 23.5

Example 8 Toner set 8 6 21 0.5 23.5 23.0

Example 9 Toner set 9 7 20 2.0 24.0 22.0

Example 10 Toner set 10 8 21 2.5 23.5 21.0

Example 11 Toner set 11 9 21 17.5 23.5 6.0

Example 12 Toner set 12 6 22 0.5 6.5 6.0

Example 13 Toner set 13 10 20 18.0 24.0 6.0

Example 14 Toner set 14 6 23 0.5 6.0 5.5

Example 15 Toner set 15 8 22 2.5 6.5 4.0

Example 16 Toner set 16 7 23 2.0 6.0 4.0

Example 17 Toner set 17 9 24 17.5 20.0 2.5

Example 18 Toner set 18 11 22 4.0 6.5 2.5

Example 19 Toner set 19 10 17 18.0 19.5 1.5

Example 20 Toner set 20 12 17 18.2 19.5 1.3

Comparative Example 1 Comparative toner set 1 6 25 0.5 5.5 5.0

Comparative Example 2 Comparative toner set 2 13 25 1.5 5.5 4.0

Comparative Example 3 Comparative toner set 3 2 25 5.0 5.5 0.5

Comparative Example 4 Comparative toner set 4 13 26 1.5 24.5 23.0

Comparative Example 5 Comparative toner set 5 14 26 18.5 24.5 6.0

Comparative Example 6 Comparative toner set 6 6 26 0.5 24.5 24.0

Comparative Example 7 Comparative toner set 7 10 27 18.0 18.0 0.0

Comparative Example 8 Comparative toner set 8 15 20 24.0 24.0 0.0

Comparative Example 9 Comparative toner set 9 16 23 6.0 6.0 0.0

Comparative Example 10 Comparative toner set 10 10 23 18.0 6.0 ‑12.0

Evaluation Results of Adhesion Strength

[0194] Table4setsout theevaluation results of adhesionstrengthof the toner setsofExamples1 to20andComparative
examples 1 to 10 in Table 3.
[0195] The method for evaluating adhesion strength will be explained further on with reference to the schematic
diagrams of FIGS. 5A and 5B. Firstly, five booklets were produced, as illustrated in FIG. 3A, using the adhesion apparatus
and thermocompression adhesion unit 51 illustrated inFIG. 1. The imagepatterns for adhesion on the sheetsP1‑1 toP1‑5
will be explained, with reference to FIG. 6, with P1‑4 and P1‑5 as representative portions. In FIG. 6, the first toner and
second tonerare laidupon the imagepattern foradhesion (P1‑5side)of thesheet front surface,andsimilarly, thefirst toner
and the second toner are laid up alsoon the imagepattern for adhesion (P1‑4side) of the sheet back surface. The stacking
order during the adhesion process is as illustrated in FIG. 6. Image patterns for adhesion are similarly formed between the
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other sheets. A booklet for strength testing, in one heating and pressure treatment, was produced by the thermocompres-
sion adhesion unit.
[0196] Thereafter, P1‑1 toP1‑3were stripped off the obtained booklet, thereby obtaining a two-sheet SHbooklet having
onlyP1‑4andP1‑5adhered together.The two-sheet bookletmadeupofP1‑4andP1‑5was thereafter cut out as illustrated
inFIG. 5Asoas tohavewidth (H) of 20mmanda length (L) of 50mm,andproduce thusa test pieceE including anadhered
portion S.
[0197] Next, the P1‑4 side of this test piece E was held by an upper holding member while the P1‑5 side was held by a
lower holding member, as illustrated in FIG. 5B. A digital force gauge M (by Nidec-Shimpo Corporation, FGP‑2) was
connected to theupperholdingmember.Thereafter, thedigital forcegaugewaspulledupgradually, thepeeling forceat the
time of peeling of the adhered portion Swasmeasured using the digital force gauge, and a peak value of the peeling force
was recorded. This measurement was performed five times, and the average value thereof was taken as the adhesion
strength of the adhered portion S. An evaluationwas carried out on the basis of the obtained adhesion strength, according
to the criteria below.

Evaluation Criteria

[0198]

A: adhesion strength of 1.50 N/cm or higher
B: adhesion strength from 1.25 N/cm to less than 1.50 N/cm
C: adhesion strength from 1.00 N/cm to less than 1.25 N/cm
D: adhesion strength lower than 1.00 N/cm

[0199] The reason for measuring the adhesion strength between P1‑4 and P1‑5 is that the foregoing are sites lying
farther from a heating plate than other adhesion sites, and thus heat is not supplied as readily to P1‑4 and P1‑5, at which
adhesion strength is accordingly more likely to be an issue.
[0200] The sheet P used in the presentmeasurement was LTR size "VitalityMultipurposePrinter Paper (by Xerox) (279
mm×216 mm), basis weight of 90 g/m2".

Evaluation Results of Hot Offset Resistance

[0201] Table 4 sets out the results of the evaluation of the hot offset resistance of the toner sets of Examples 1 to 20 and
Comparative examples 1 to 10 of Table 3.
[0202] The method for evaluating hot offset resistance involved using the above-described adhesion apparatus
illustrated in FIG. 1. Evaluations were made in an environment at normal temperature and normal humidity
(25°C/50% RH), at a process speed of 320 mm/sec, while varying the fixation temperature. The laid-on level the first
toner and the laid-on level of the second toner were both set to 0.4 mg/cm2, using the toner sets of Examples 1 to 20 and
Comparativeexamples1 to10 inTable3, to form therebyasolid imageof the first tonerandsecond toner so that the toner’s
laid-on level was 0.8 mg/cm2. A fixing treatment was performed using the fixing apparatus 6 of the adhesion apparatus to
obtain a respective fixed image. Plain paper (LETTER size XEROX 4200 paper, by XEROX Corporation, 75 g/m2) was
used as the transfer material. Hot offset resistancewas evaluated visually on the above fixed image. Hot offset resistance
was evaluated on the basis of the temperature at which hot offset occurred, in accordance with the criteria below.

Evaluation Criteria

[0203]

A: No offset occurs at 210°C
B: Offset occurs at a temperature from 200°C to less than 210°C
C: Offset occurs at below 200°C
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[Table 4]

Adhesion
strength
(N/cm)

Evaluation
rank of
adhesion
strength

Hot offset resistance

Temperature at which hot
offset occurred (°C)

Evaluation
rank

Example1 Toner set 1 2.02 A 211 A

Example2 Toner set 2 1.89 A 211 A

Example3 Toner set 3 1.88 A 211 A

Example4 Toner set 4 1.53 A 219 A

Example5 Toner set 5 1.62 A 217 A

Example6 Toner set 6 1.50 A 219 A

Example7 Toner set 7 2.22 A 202 B

Example8 Toner set 8 2.18 A 203 B

Example9 Toner set 9 2.15 A 204 B

Example10 Toner set 10 2.08 A 205 B

Example11 Toner set 11 1.54 A 219 A

Example12 Toner set 12 1.73 A 216 A

Example13 Toner set 13 1.50 A 219 A

Example14 Toner set 14 1.66 A 217 A

Example15 Toner set 15 1.43 B 219 A

Example16 Toner set 16 1.44 B 219 A

Example17 Toner set 17 1.19 C 222 A

Example18 Toner set 18 1.33 B 221 A

Example19 Toner set 19 1.11 C 223 A

Example20 Toner set 20 1.01 C 223 A

Comparative Ex-
ample 1

Comparative to-
ner set 1 1.71 A 195 C

Comparative Ex-
ample 2

Comparative to-
ner set 2 1.56 A 196 C

Comparative Ex-
ample 3

Comparative to-
ner set 3 1.20 C 199 C

Comparative Ex-
ample 4

Comparative to-
ner set 4 0.94 D 201 B

Comparative Ex-
ample 5

Comparative to-
ner set 5 0.70 D 219 A

Comparative Ex-
ample 6

Comparative to-
ner set 6 0.97 D 199 C

Comparative Ex-
ample 7

Comparative to-
ner set 7 0.81 D 224 A

Comparative Ex-
ample 8

Comparative to-
ner set 8 0.56 D 224 A

Comparative Ex-
ample 9

Comparative to-
ner set 9 0.95 D 223 A

Comparative Ex-
ample 10

Comparative to-
ner set 10 0.40 D 229 A
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Evaluation Results of Hot Offset Resistance of the First Toner Alone

[0204] Table 5 sets out evaluation results of hot offset resistance of the first toner alone.
[0205] Hot offset resistance was evaluated in accordance with the below-described method, by modifying the process
speed of the above-described adhesion apparatus illustrated in FIG. 1.
[0206] Process cartridges filled with toners 1, 2, 7, 10 and 13 used for evaluating adhesion strength were used at a
process speed of 400 mm/sec in an environment at normal temperature and normal humidity (25°C /50% RH), to form a
solid image (toner laid-on level: 0.4 mg/cm2), with modification of the fixation temperature. Plain paper (LETTER size
XEROX 4200 paper, by XEROX Corporation, 75 g/m2) was used as the transfer material. Hot offset resistance was
evaluated visually. Hot offset resistance was evaluated on the basis of the temperature at which hot offset occurred, in
accordance with the criteria below.

Evaluation Criteria

[0207]

A: No offset occurs at 210°C
B: Offset occurs at a temperature from 200°C to less than 210°C
C: Offset occurs at below 200°C

[Table 5]

Hot offset resistance

Temperature at which hot offset occurred (°C) Evaluation rank

Toner 1 205 B

Toner 2 207 B

Toner 7 202 B

Toner 10 214 A

Toner 13 196 C

[0208] While the present invention has been describedwith reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all such modifications and equivalent structures and functions.

Claims

1. An adhesion method, comprising:

a step of forming a first unfixed toner layer using a first toner, on a first surface of a sheet;
a step of forming a second unfixed toner layer using a second toner, on the first unfixed toner layer;
a step of forming an image pattern for adhesion on the sheet, by performing heating from a surface of the second
unfixed toner layer to fix the first unfixed toner layer and the second unfixed toner layer to the sheet; and
astepof adhering the sheets to obtainanadheredproduct, byperformingheating ina stackedconfigurationof the
image pattern for adhesion formed on a same sheet or a different sheet, wherein
the image pattern for adhesion has, on a surface thereof, a fixed toner image derived from the second unfixed
toner layer, and
whenH1 (J/g) denotes a calorific value of the first toner andH2 (J/g) denotes a calorific value of the second toner,
the H1 and the H2 satisfy Expressions (1) and (2) below:
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where the H1 and the H2 each are a calorific value in a range from 35°C to 75°C of an exothermic peak in a DSC
curve obtained in a cooling step (ii) below, upon execution of:

(i) a temperature raising step of raising a temperature from 20°C to 180°C at a rate of 10°C/min, and
(ii) a cooling step of holding at 180°C for 10minutes, followed by cooling from180°Cdown to 20°Cat a rate of
10°C/min.

2. The adhesion method according to claim 1, comprising
a step of adhering the sheets to obtain the adhered product, by performing heating in a stacked configuration of the
fixed toner image of the image pattern for adhesion formed on different sheets.

3. The adhesionmethod according to claim 1 or 2, wherein a value (H2-H1) of a difference between theH2 and theH1 is
1.5 (J/g) or more.

4. The adhesion method according to any one of claims 1 to 3, wherein the H1 is 2.0 to 18.0 (J/g).

5. The adhesion method according to any one of claims 1 to 4, wherein the first toner and the second toner comprise a
wax.

6. Theadhesionmethodaccording to anyoneof claims1 to5,wherein the first toner is ablack toner comprising a carbon
black.

7. A toner set used in an adhesion method,

the adhesion method comprising:

a step of forming a first unfixed toner layer using a first toner, on a first surface of a sheet;
a step of forming a second unfixed toner layer using a second toner, on the first unfixed toner layer;
a step of forming an image pattern for adhesion on the sheet, by performing heating from a surface of the
second unfixed toner layer to fix the first unfixed toner layer and the second unfixed toner layer to the sheet;
and
a step of adhering the sheets to obtain an adhered product, by performing heating in a stacked configuration
of the image pattern for adhesion formed on a same sheet or a different sheet,

the toner set comprises the first toner and the second toner separately, wherein
the image pattern for adhesion has, on a surface thereof, a fixed toner image derived from the second unfixed
toner layer, and
whenH1 (J/g) denotes a calorific value of the first toner andH2 (J/g) denotes a calorific value of the second toner,
the H1 and the H2 satisfy Expressions (1) and (2) below:

where the H1 and the H2 each are a calorific value in a range from 35°C to 75°C of an exothermic peak in a DSC
curve obtained in a cooling step (ii) below, upon execution of:

(i) a temperature raising step of raising a temperature from 20°C to 180°C at a rate of 10°C/min, and
(ii) a cooling step of holding at 180°C for 10minutes, followed by cooling from180°Cdown to 20°Cat a rate of
10°C/min.

8. The toner set according to claim 7, wherein a value (H2-H1) of a difference between the H2 and the H1 is 1.5 (J/g) or
more.
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9. The toner set according to claim 7 or 8, wherein the H1 is 2.0 to 18.0 (J/g).

10. The toner set according to any one of claims 7 to 9, wherein the first toner is a black toner comprising a carbon black.

11. An adhesion apparatus, comprising:

means for forming a first unfixed toner layer using a first toner, on a first surface of a sheet;
means for forming a second unfixed toner layer using a second toner, on the first unfixed toner layer;
means for formingan imagepattern for adhesionon the sheet, byperformingheating fromasurfaceof the second
unfixed toner layer to fix the first unfixed toner layer and the second unfixed toner layer to the sheet; and
means for adhering the sheets to obtain an adhered product, by performing heating in a stacked configuration of
the image pattern for adhesion formed on a same sheet or a different sheet, wherein
the image pattern for adhesion has, on a surface thereof, a fixed toner image derived from the second unfixed
toner layer, and
whenH1 (J/g) denotes a calorific value of the first toner andH2 (J/g) denotes a calorific value of the second toner,
the H1 and the H2 satisfy Expressions (1) and (2) below:

where the H1 and the H2 each are a calorific value in a range from 35°C to 75°C of an exothermic peak in a DSC
curve obtained in a cooling step (ii) below, upon execution of:

(i) a temperature raising step of raising a temperature from 20°C to 180°C at a rate of 10°C/min, and
(ii) a cooling step of holding at 180°C for 10minutes, followed by cooling from180°Cdown to 20°Cat a rate of
10°C/min.

12. A method for producing an adhered product, the method comprising:

a step of forming a first unfixed toner layer using a first toner, on a first surface of a sheet;
a step of forming a second unfixed toner layer using a second toner, on the first unfixed toner layer;
a step of forming an image pattern for adhesion on the sheet, by performing heating from a surface of the second
unfixed toner layer to fix the first unfixed toner layer and the second unfixed toner layer to the sheet; and
astepof adhering the sheets to obtainanadheredproduct, byperformingheating ina stackedconfigurationof the
image pattern for adhesion formed on a same sheet or a different sheet, wherein
the image pattern for adhesion has, on a surface thereof, a fixed toner image derived from the second unfixed
toner layer, and
whenH1 (J/g) denotes a calorific value of the first toner andH2 (J/g) denotes a calorific value of the second toner,
the H1 and the H2 satisfy Expressions (1) and (2) below:

where the H1 and the H2 each are a calorific value in a range from 35°C to 75°C of an exothermic peak in a DSC
curve obtained in a cooling step (ii) below, upon execution of:

(i) a temperature raising step of raising a temperature from 20°C to 180°C at a rate of 10°C/min, and
(ii) a cooling step of holding at 180°C for 10minutes, followed by cooling from180°Cdown to 20°Cat a rate of
10°C/min.

13. An adhesion method, comprising:

a step of forming a first unfixed toner layer using a first toner, on a first surface of a sheet;
a step of forming a second unfixed toner layer using a second toner, on the first unfixed toner layer;
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a step of forming an image pattern for adhesion on the sheet, by performing heating from a surface of the second
unfixed toner layer to fix the first unfixed toner layer and the second unfixed toner layer to the sheet; and
astepof adhering the sheets to obtainanadheredproduct, byperformingheating ina stackedconfigurationof the
image pattern for adhesion formed on a same sheet or a different sheet, wherein
the image pattern for adhesion has, on a surface thereof, a fixed toner image derived from the second unfixed
toner layer,
the first toner and the second toner comprise a hydrocarbon wax, and
whenW1 (parts bymass) denotesa content ofwaxper100parts bymassof abinder resin in the first toner andW2
(parts bymass) denotes a content of wax per 100 parts bymass of a binder resin in the second toner, theW1 and
the W2 satisfy Expressions (3) and (4) below:
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